Objectives: To examine the validity of existing prediction equations for basal metabolic rate (BMR) and two generated regression equations in healthy Chinese subjects and patients with chronic diseases. Subjects: One-hundred and thirty-four healthy Chinese volunteers of aged 16 ± 88 among staff working in Shatin Hospital and their relatives, and 30 elderly patients with heart disease, stroke and chronic obstructive airway disease (COAD) were recruited. Interventions: Height, weight, biceps and triceps skinfold thickness, body fat percentage, and BMR were measured in the healthy subjects and patients. Two regression equations were derived from 70 healthy Chinese subjects. Three existing equations (WHO, Liu and Jia equations) and two derived equations were then crossvalidated in 64 subjects and 30 patients. Results: For the healthy Chinese subjects, as well as patients, the BMR calculated by Liu was the closest to the measured BMR among all the equations, although there was slight underestimation for patients. Conclusion: This study con®rms that the Liu equation is the most appropriate for predicting BMR in healthy Chinese subjects, but it underestimates the BMR in those with chronic diseases. Fat-free mass is the best predictor of measured BMR. Sponsorship: Unrestricted research grant in nutrition from the Bristol-Myers Squibb Foundation. Descriptors: basal metabolic rate; prediction equation; Chinese
Introduction
It is important to estimate total energy expenditure (TEE) in the hospital as well as community setting, to avoid the problems associated with under-or over-nutrition. Apart from the research setting, it is impracticable to use methods such as the doubly-labelled water to measure total energy expenditure. Since basal metabolic rate (BMR) constitutes 60 ± 70% of the TEE (Shetty et al, 1996) , measured BMR is often used to determine the TEE. However, indirect calorimetry is not widely available, and BMR is usually calculated from prediction equations using data such as age, sex height, weight, and fat-free mass. Existing studies show that the predicted BMR equations derived from Caucasian subjects overestimated the BMR of the Asian subjects (Liu et al, 1995; Case et al, 1997; Jia et al, 1999) . Ethnic difference in measured BMR also exists between the temperate (mostly US, European subjects) and tropical zones (Asiatic subjects) (Mukherjee & Gupta, 1931; Krishnan & Vareed, 1932; Quenouille et al, 1951; Scho®eld et al, 1985) . Since Liu et al (1995) showed that the Harris Benedict equation (Harris & Benedict, 1919) overestimated BMR in healthy Chinese adults and ethnic difference had been reported between Caucasian and Asian subjects, further studies are indicated to examine the applicability of existing BMR prediction equations in Chinese subjects. In this study, predicted equations in Chinese subjects are derived, and then tested in a different group of Chinese subjects, and the results compared with existing equations from two previous studies in Chinese subjects (Liu et al, 1995; Jia et al, 1999) , and that from FAOaWHOaUNU (1985) .
Methods

Subjects
One hundred and thirty-four healthy Chinese subjects aged 16 ± 88 were recruited from volunteers among staff working in Shatin Hospital. Thirty patients aged 44 ± 92 with chronic disease in the long-stay ward who were not on oxygen therapy were also recruited from the same hospital. Their diagnoses include heart disease, stroke and chronic obstructive airway disease (COAD). Healthy subjects were divided into two groups: Group I was used to generate two prediction equations for BMR using age, weight, percentage body fat and fat-free mass by bio-impedance analysis (BIA) (70 subjects); the equations were then tested in Group II (64 subjects), together with the seven other prediction equations. The characteristics of the healthy subjects and patients are shown in Table 1 .
Measured BMR and body composition
All of the subjects had BMR measured by indirect calorimetry using a metabolic measurement cart with a canopy system (Deltatrac, from Datex Division Instrumentarium Corp, Helsinki, Finland). They were subjected to 10 h overnight fasting and placed on a bed in a quiet room, with room temperature between 26 and 30 C prior to the measurement. Weight and height were measured with the subject in light indoor clothing, without shoes, using a standing balance with height attachment. Body mass index was calculated as weight in kgaheight in m 2 . Percentage body fat was assessed using a body composition analyzer (Bio-Analogics, Beaverton, OR, USA) and skinfold thickness measurement. The impedance value obtained was converted to percentage body fat by using ElectroLipoGraph Body Composition Analysis System (Bio-Analogics, Beaverton, OR, USA). The biceps and triceps skinfold were measured on the left side of the body at midpoint between the acromion and olecranon process in triplicate using a skinfold caliper (Holtain, Crosswell, Crymych, UK). The percentage body fat measured by skinfold thickness measurement was then calculated by using the Durnin ± Womersley equation (Durnin & Womersley, 1974) . Fatfree mass was then calculated by subtracting fat mass (body weight6percentage body fat) from body weight.
The Durnin ± Womersley equation [4.95a(C 7 M6 log(TSF BSF)) 7 4.56body weight (kg), where C 1.1226 for women and 1.1185 for men, M 0.071 for women and 0.0683 for men, TSF tricep skinfold thickness (mm) and BSF bicep skinfold thickness (mm).
Statistical analysis
Statistical analysis was performed using the SPSS program. Group I was used to derive two regression equations using a stepwise linear regression model. Group II and patients were used to validate the seven established prediction equations (Table 2 ) plus the two regression equations (Table 3) derived from Group I. Paired t-tests were performed to compare the mean between calculated BMR by the nine equations (two generated equations and seven prediction equations) and measured BMR by indirect calorimetry. The Pearson correlation coef®cient was used to examine the relationship between different variables (age, weight, height, BMI, percentage body fat and fatfree mass) and measured BMR.
Results
The two regression equations generated from Group I (70 subjects) using stepwise linear regression model are shown in Table 3 . In healthy subjects, BMR predicted by the Liu equation (5138 kJ) was the closest to the mean of measured BMR (5025 kJ), the mean difference (113 kJ) being the smallest compared with the other equations (Table 4, Figure 1 ). In patients, BMR predicted by the Liu equation was also the closest to measured BMR: 4494 vs 4473 kJ, the mean difference (21 kJ) being the smallest compared with the other equations (Table 5, Figure 2) .
The relationships between anthropometric values, age and measured BMR are shown in Table 6 . In healthy subjects, there was a negative correlation with age, and The patient group included patients with chronic obstructive airway disease, heart disease and stroke. 
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positive correlations with weight, height, BMI, percentage fat value calculated using skinfold measurement, and fatfree mass, the correlation being highest with fat-free mass. With the exception of age, the same results were observed in the patient group.
Discussion
Previous studies showed that BMR predictive equations derived from Caucasian subjects tend to overestimate the BMR in Asian as well as some Caucasian subjects (Daly et al, 1985; Owen et al, 1986; Mif¯in et al, 1990; Case et al, 1997; Liu et al, 1995; Jia et al, 1999) . Therefore it is necessary to develop predicted equation speci®c to this population. To date, Liu and Jia are the predicted equations using healthy Chinese subjects. Our study con®rms the validity of the Liu equation, which proved to be better than those generated from our healthy subjects as well as the predicted equations. This is probably the result of the small sample size in our study. It is controversial whether there are ethnic differences in BMR per unit of lean body mass (Lawrence et al, 1988; de Boer et al, 1988; Soares et al, 1998) . In our healthy Chinese subjects, it was found that BMR expressed per kg fat-free mass determined by BIA and skinfold method were 120 and 114 kJakg FFM, respectively. These values were lower than BMRakg fat-free mass of Indians (129 kJakg FFM) and Australians (124 kJakg FFM) in Soares et al (1998) , but comparable to BMRakg FFM (113 kJakg FFM) in Liu et al (1995) . Fat-free mass is measured by BIA and skinfold measurements in this study. The purpose of using both methods is to compare the correlation of fat-free mass measured by both methods with measured BMR. The result showed that correlation between the fat-free mass measured by BIA and measured BMR (0.783) was not signi®cantly different from correlation between the fat-free mass measured by skinfold and measured BMR (0.731) in healthy subjects and the same result was found with the patients in Table 6 (0.612 vs Figure 1 Mean difference between predicted and measured BMR in healthy Chinese subjects. Liu et al (1995) and in previous studies showing that total body fat and fat-free mass measured by BIA were not signi®cantly different from those measured by skinfold in healthy subjects as well as in patients with hemodialysis and chronic renal failure (Campos et al, 1989; Woodrow et al, 1996; Oe et al, 1998; Wattanapenpaiboon et al, 1998) . Hence, we propose that either BIA or skinfold can be used to measure fat-free mass in healthy subjects and patients when fat-free mass is used to derive BMR predicted equations. Weight loss is common phenomenon in patients with chronic obstructive pulmonary disease (COPD). A major cause of weight loss is imbalance between energy intake and energy expenditure, and an increased resting energy expenditure (REE) has been reported in patients with COPD (Schols et al, 1991) . A study conducted by Schols et al (1991) concluded that the Harris ± Benedict equation underestimated the REE of COPD patients and the REE adjusted for FFM remained signi®cantly higher in COPD than in normal subjects. Similarly, in our study, predicted equations derived from the healthy subjects underestimated the REE of subjects with disease. This ®nding is compatible with the observation that the REE is raised in subjects with chronic disease such as COPD and heart failure (Schols et al, 1991; Obisesan et al, 1997) . Our ®ndings highlight the fact that BMR prediction equations derived from healthy subjects may not be applicable to the patient population, an observation that is of relevance when estimating energy requirements in the clinical setting.
The limitation of our study is that the subject recruitment is from volunteers and may not be representative of the whole community. In comparison to the sample (119 subjects) used in deriving equations in Liu et al (1995) , the sample (70 subjects) in our study may not be large enough for the purpose of deriving equations for the prediction of BMR in healthy subjects.
Predicted equations are easy and convenient to use in predicting BMR. However, it is dif®cult to derive one global prediction equation that is suitable for all populations in the world because of the biological, physical and environmental variations. Our ®ndings con®rm that BMR of healthy Chinese subjects would be best predicted by the Liu equation, which may be used to estimate BMR (and indirectly TEE) when neither indirect calorimetry nor the doubly-labelled water technique is available.
Both underlying diseases and the treatment of critically ill patients can affect energy expenditure and complicate the assessment of energy needs. When prediction equations are used for estimating energy requirements, information about the characteristics of subjects from which predicted equations are derived should be considered in order to provide clinically useful information (Porter & Cohen, 1996) .
